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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a functional material of superior function of 
absorbing oxygen under the oxidizing atmosphere and exhaust oxygen under the 
reduction atmosphere by using an element of specified value in a cerium oxide 
represented by the specified formula. 

SOLUTION: A function material is represented by the formula of (AxCe1-X)02 (In the 
formula, A represents at least one element selected out of a group Y, Sc and lanthanoid, 
and 0.1<X<1). The value of X in the formula is set preferably in the range of approximately 
0.2-0.7, more preferably approximately 0.3-0.7 (both included). As the particle diameter of 
the functional material, approximately 0.01-100p,m is preferred. The functional material of 
superior capability of absorbing oxygen under the oxidizing atmosphere and existing 
oxygen under the oxidizing atmosphere can be provided by the above arrangement, and 
also an oxidizing catalyst, a combustion catalyst, a methanol modified catalyst and an 
electrode catalyst of high catalyst activities and superior continuity of catalyst activities for 
achieving the efficient utilization of energy resources and the reduction of generation of 
environmental pollutants can be provided by the application of the above arrangement. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Chemical formula: (A xCe 1-x) The functional material expressed with 02 (at least one 
sort of elements chosen from the group which A becomes from Y, Sc, and a lanthanoids among a 
formula, and 0.1 < x<l). 

[Claim 2] Chemical formula: (A xCe 1-x) The oxidation catalyst characterized by providing the 
functional material expressed with 02 (at least one sort of elements chosen from the group which A 
becomes from Y, Sc, and a lanthanoids among a formula, and 0.1 < x<l). 

[Claim 3] Chemical formula: (A xCe 1-x) The oxidation catalyst characterized by providing at least 
one sort of matter chosen from the group which consists of a functional material expressed with 02 
(at least one sort of elements chosen from the group which A becomes from Y, Sc, and a lanthanoids 
among a formula, and 0.1 < x<l), and a compound containing a noble-metals element and a noble- 
metals element, 

[Claim 4] Chemical formula: (A xCe 1-x) The combustion catalyst characterized by providing at 
least one sort of matter chosen from the group which consists of a functional material expressed with 
02 (at least one sort of elements chosen from the group which A becomes from Y, Sc, and a 
lanthanoids among a formula, and 0.1 < x<l), and a compound containing a noble-metals element 
and a noble-metals element. 

[Claim 5] Chemical formula: (A xCe 1-x) The methanol reforming catalyst characterized by 
providing at least one sort of matter chosen from the group which consists of a functional material 
expressed with 02 (at least one sort of elements chosen from the group which A becomes from Y, 
Sc, and a lanthanoids among a formula, and 0.1 < x<l), and a compound containing a noble-metals 
element and a noble-metals element. 

[Claim 6] Chemical formula: (A xCe 1 -x) The electrode catalyst characterized by providing at least 
one sort of matter chosen from the group which consists of a functional material expressed with 02 
(at least one sort of elements chosen from the group which A becomes from Y, Sc, and a lanthanoids 
among a formula, and 0.1 < x<l), and a compound containing a noble-metals element and a noble- 
metals element. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrode catalyst used for the oxidation catalyst 
which realized high catalytic activity, a combustion catalyst, the reforming catalyst of a methanol, a 
solid oxide fuel cell, etc. by using the functional material which is excellent also in the capacity 
which emits the absorbed oxygen, and this functional material while it is excellent in the capacity 
which absorbs oxygen. 
[0002] 

[Description of the Prior Art] In recent years, exhaustion-izing of the energy resource represented by 
fossil fuels, such as petroleum and coal, and the increment in the environmental pollutant generated 
in case energy is taken out from a fossil fuel serve as a big social problem. That is, exhaustion- 
ization of the energy resource represented by the fossil fuel influences human beings' activity 
directly in the present condition that the leading energy source replaced with a fossil fuel is not 
developed. Moreover, the increment in an environmental pollutant brings about destruction of the 
ecosystem of a terrestrial scale, and makes dangerous not only human beings but existence of the 
versatility of a seed. Therefore, it is indispensable it to be a problem of the utmost importance from 
from [ when divining the future earth ] to control exhaustion-ization of an energy resource, to control 
generating of an environmental pollutant, and to maintain an ecosystem, to use an energy resource 
efficiently for that purpose, and to reduce an environmental pollutant. 

[0003] Then, in order to fill an above-mentioned demand, with the gas turbine which uses natural gas 
and generates electricity efficient, the emission-gas-purification catalyst which defecates the exhaust 
gas of an automobile, the reaction catalyst which generates a product with a high invert ratio, and 
high conversion efficiency, means, such as a fuel cell which generates electrical energy, are at a 
quick pace, and are developed. Although various ingredients are proposed according to the spec, 
demanded from current and these means, the stability of a cerium compound in the inside of an 
operating environment is high especially, oxygen is absorbed under an oxidizing atmosphere, and it 
is widely used as an important ingredient from having the property of emitting oxygen under 
reducing atmosphere. 

[0004] Although it is becoming in use to burn the fuel which uses methane etc. as a principal 
component by oxidation reaction therefore, the palladium which starts oxidation reaction from 
whenever [ low-temperature ] is used for a gas turbine as a catalyst component in many cases. By the 
way, palladium has the property that catalytic activity is low when catalytic activity is high at the 
time of an oxidation state (PdO) and it is a metal (Pd). According to the balance governed by oxygen 
tension and ambient temperature, oxidization palladium emits oxygen above 900 degrees C, and 
serves as a metal (Pd). 

[0005] It is the redox reaction which the catalytic reaction of the combustion catalyst which uses 
oxidization palladium as a catalyst component generally oxidizes in hydrocarbons in the state of the 
oxide of Pd-O in which oxygen carried out the dissociative adsorption to the catalyst front face, and 
it is returned and oxidization palladium itself serves as a metal (Pd), and a metal (Pd) oxidizes again, 
generates the oxide condition of Pd-O, repeats this, and oxidizes in hydrocarbons. In oxidation 
reaction of the usual hydrocarbons, since there is not much reacting weight, a redox cycle advances 
smoothly on a catalyst front face. However, like a gas turbine, by the system of reaction with the 
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large calorific capacity of combustion chamber (the amount of oxidation reaction), while the oxygen 
of Pd-0 which the balance of a redox cycle collapsed and carried out the dissociative adsorption to 
the catalyst front face is consumed easily, the oxygen of the oxidization palladium (PdO) of the bulk 
which exists inside a combustion catalyst is considered to move to a catalyst front face and to be 
used for oxidization of a fuel. That is, in the initial state of oxidation reaction, since most palladium 
in a combustion catalyst is oxidization palladium, high catalytic activity is presented, but since the 
oxygen of the oxidization palladium (PdO) of bulk is consumed with advance of a combustion 
reaction, a metaled (Pd) rate increases to a catalyst front face, and catalytic activity falls. Then, to 
maintain the catalytic activity of a combustion catalyst is tried by making the cerium oxide which the 
oxygen in an ambient atmosphere is absorbed under an oxidizing atmosphere, and can emit oxygen 
under reducing atmosphere live together with palladium. 

[0006] Moreover, although the three way component catalyst which consists of Pt, Pd, and Rh is 
used as an emission-gas-purification catalyst in order to reduce the concentration of the hydrocarbon 
in exhaust gas, a carbon monoxide, or nitrogen oxides, without spoiling an engine performance and 
fuel consumption, to add cerium oxide to this three way component catalyst is tried. That is, by 
demonstrating the co-catalyst effectiveness of cerium oxide, while reducing the amount of the noble 
metals used in a three way component catalyst, oxygen tends to be absorbed under an oxidizing 
atmosphere and it is going to correspond to fluctuation of the air- fuel ratio resulting from the transit 
mode of an automobile with the property of the cerium oxide which can emit oxygen under reducing 
atmosphere. 

[0007] Furthermore, on the occasion of the reforming reaction of a methanol, 0(Nd xCe 1-x) 2 etc. is 
used as a reaction catalyst which promotes oxidation reaction (0<=x<=0.1). 

[0008] Moreover, in the solid acid ghost electrolyte mold fuel cell, as a positive-electrode catalyst, it 
is stable in 1 000-degree C air, and the porous body of electronic conductivity represented by the 
perovskite mold lanthanum system transition-metals oxide of air and the structure which has large 
contact with electrolytic both is used. 
[0009] 

[Problem(s) to be Solved by the Invention] However, in conventional cerium oxide or perovskite 
mold lanthanum system transition-metals oxide, there was a problem that the capacity which absorbs 
oxygen under an oxidizing atmosphere and emits oxygen under reducing atmosphere was low. 
[0010] Moreover, since neither conventional cerium oxide nor perovskite mold lanthanum system 
transition-metals oxide was enough as the capacity which absorbs oxygen under an oxidizing 
atmosphere and emits oxygen under reducing atmosphere, and the catalytic activity of the catalyst 
which applied these did not fully go up and it became scarce also at the durability of catalytic 
activity, there was a problem that where of it was difficult to attain current, efficient use of the 
energy resource demanded, and reduction of an environmental pollutant. 

[001 1] This invention aims at offering the functional material which is excellent in the capacity 
which was made in order to solve the above-mentioned problem, absorbs oxygen under an oxidizing 
atmosphere, and emits oxygen under reducing atmosphere. 

[0012] Moreover, catalytic activity of this invention is high, and it excels also in the durability of 
catalytic activity, and aims at offering the oxidation catalyst which attains efficient use of an energy 
resource, and reduction of an environmental pollutant, a combustion catalyst, a methanol reforming 
catalyst, and an electrode catalyst. 
[0013] 

[Means for Solving the Problem] In the cerium oxide by which this invention persons are expressed 

with chemical formula:(A xCe 1-x) 02 (at least one sort of elements chosen from the group which A 

becomes from Y, Sc, and a lanthanoids among a formula) By making the value of x in the rate, i.e., 

above-mentioned chemical formula, of Element alpha increase from 0.1, oxygen is absorbed under 

an oxidizing atmosphere, and it finds out that the engine performance which emits oxygen under 

reducing atmosphere improves by leaps and bounds, and results in this invention. 

[0014] That is, the functional material concerning this invention is characterized by what is 

expressed with chemical formula:(A xCe 1-x) 02 (at least one sort of elements chosen from the 

group which A becomes from Y, Sc, and a lanthanoids among a formula, and 0.1 < x<l). 

[0015] In the functional material of this invention, since electronic conductivity is high, the oxygen 
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in an oxidizing atmosphere is easily dissociated by the following reactions, and it is thought that it is 

incorporated to the hole which exists in a functional material. 

[0016] l/202+(inside of gaseous phase)2e— >(functional material) 02 - (hole) 

On the other hand, under reducing atmosphere, it is thought that the oxygen (ion) incorporated in the 
hole is easily emitted to the exterior of a functional material by the following reactions. 
[0017] 02-(hole) ->l/202+(inside of gaseous phase)2e - (functional material) 

As mentioned above, it is thought that the functional material of this invention excels [ conductivity ] 
in the capacity which absorbs oxygen under an oxidizing atmosphere and emits oxygen under 
reducing atmosphere since electronic conductivity is high. The functional material of this invention 
has the property of specific resistance 100 ohm-cm extent at 400 degrees C. 
[001 8] What is necessary is just to set the value of x in the rate, i.e., above-mentioned chemical 
formula, of Element alpha as the range of 0.1-1 (however, for an endpoint not to be included) in the 
functional material of this invention, in order to make the engine performance which absorbs oxygen 
under an oxidizing atmosphere and emits oxygen under reducing atmosphere discover good. 
However, fitness can be made to discover more the engine performance which absorbs oxygen for 
the value of x in the above-mentioned chemical formula under an oxidizing atmosphere by 0.2 to 
0.7, and setting it as the range of 0.3-0.7 (an endpoint being included) more preferably, and emits 
oxygen under reducing atmosphere. 

[0019] Moreover, if in charge of manufacturing the functional material concerning this invention, it 
is desirable to dope Element alpha to Seria (Ce02) using a coprecipitation method. Although it is 
about 0.01-100 micrometers preferably as a particle size of the particle of a functional material, it is 
more desirable when it is made about 0.1-10 micrometers. Furthermore, in order to make the engine 
performance which absorbs oxygen under an oxidizing atmosphere and emits oxygen under reducing 
atmosphere discover good, it is desirable to, enlarge surface area of a functional material if possible, 
and to make the place of a reaction increase. If the surface area of a functional material is 1-100 
[m2 / g] extent in BET surface area, the engine performance which absorbs oxygen under an 
oxidizing atmosphere and emits oxygen under reducing atmosphere can be made to discover good 
practical. 

[0020] In addition, as it is indicated in drawing 4 as the particle size of a particle, the diameter d at 
the time of converting the particle of the functional material of the configuration of arbitration 
recognized two-dimensional, 8 [ for example, ], into the virtual particle 9 expressed two-dimensional 
shall be pointed out. That is, it asks for the area of the particle 8 of the functional material of the 
configuration of arbitration. Next, it asks for the circular virtual particle 9 which has an area equal to 
the called-for area, and let the diameter d of a virtual particle 9 be the particle size of a functional 
material 8. The particle size of the particle of the functional material mentioned above is the value 
calculated from the virtual particle 9. Moreover, mean particle diameter is a value equivalent to the 
average of the particle size obtained based on the particle size of each functional material in the 
aggregate of a functional material. Henceforth, the particle size and mean particle diameter of the 
matter shall be given by the numeric value computed according to the definition mentioned above. 
[002 1 ] Next, the oxidation catalyst concerning this invention is characterized by providing the 
functional material expressed with chemical formula:(A xCe 1-x) 02 (at least one sort of elements 
chosen from the group which A becomes from Y, Sc, and a lanthanoids among a formula, and 0.1 < 
x<l). 

[0022] Moreover, the functional material by which the oxidation catalyst concerning this invention is 
expressed with chemical formula: (A xCe 1-x) 02 (at least one sort of elements chosen from the 
group which A becomes from Y, Sc, and a lanthanoids among a formula, and 0.1 < x<l), It is 
characterized by providing at least one sort of matter chosen from the group which consists of a 
compound containing a noble-metals element and a noble-metals element. 
[0023] Furthermore, the functional material by which the combustion catalyst concerning this 
invention is expressed with chemical formula:(A xCe 1-x) 02 (at least one sort of elements chosen 
from the group which A becomes from Y, Sc, and a lanthanoids among a formula, and 0.1 < x<l), It 
is characterized by providing at least one sort of matter chosen from the group which consists of a 
compound containing a noble-metals element and a noble-metals element. 

[0024] Moreover, the methanol reforming catalyst concerning this invention is chemical formula:(A 
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xCe 1-x) 02 (among a formula). A is characterized by providing at least one sort of matter chosen 
from the group which consists of at least one sort of elements chosen from the group which consists 
of Y, Sc, and a lanthanoids and a functional material expressed with 0.1 < x<l, and a compound 
containing a noble-metals element and a noble-metals element. 

[0025] Furthermore, the functional material by which the electrode catalyst concerning this invention 
is expressed with chemical formula:(A xCe 1-x) 02 (at least one sort of elements chosen from the 
group which A becomes from Y, Sc, and a lanthanoids among a formula, and 0.1 < x<l), It is 
characterized by providing at least one sort of matter chosen from the group which consists of a 
compound containing a noble-metals element and a noble-metals element. 
[0026] In the oxidation catalyst concerning this invention, a combustion catalyst, a methanol 
reforming catalyst, and an electrode catalyst, the property of a functional material is as having 
mentioned above. Moreover, an oxidation catalyst, a combustion catalyst, a methanol reforming 
catalyst, and an electrode catalyst are extensive concepts which also name generically the base 
material possessing the compound containing the support which supported the compound containing 
the mixture, the functional material, noble-metals element, or noble-metals element of the compound 
containing a functional material, a noble-metals element, or a noble-metals element, and other 
additives, and the above-mentioned mixture, a functional material, a noble-metals element, or a 
noble-metals element, the above-mentioned mixture, or the above-mentioned support not to mention 
the compound containing a functional material, a noble-metals element, or a noble-metals element. 
[0027] The oxidation catalyst, the combustion catalyst, methanol reforming catalyst, and electrode 
catalyst of this invention tend to be crowded for the functional matter in the oxygen which a 
chemical reaction takes, are emitting oxygen on the aspect of affairs which lacked oxygen in the 
reaction process, tend to cancel lack of the oxygen in a reaction process, and always tend to advance 
a chemical reaction smoothly. 

[0028] In the oxidation catalyst of this invention, although a functional material may be used 
independently, in order to advance oxidation reaction more smoothly, it is more desirable to use 
together the compound containing a functional material, a noble-metals element, or a noble-metals 
element. In the oxidation catalyst, the combustion catalyst, methanol reforming catalyst, and 
electrode catalyst of this invention, a noble-metals element names generically gold, silver, and 
platinum group metals (Ru, Rh, Pd, Os, Ir, and Pt). Moreover, the compound containing a noble- 
metals element is an oxide of for example, a noble-metals element. About 0.01-100 micrometers of 
particle size of the particle of the compound containing a noble-metals element and a noble-metals 
element are more preferably set to about 0.1-10 micrometers. 

[0029] Although it is different into how much a rate with the compound containing a functional 
material, a noble-metals element, or a noble-metals element is made with a catalyst system, it is 
specified about as follows. Namely, what is necessary is for the total quantity of the oxygen atom 
supplied to per unit time amount from a functional material at a noble-metals element to increase 
more than the amount of the oxygen atom consumed in process of a chemical reaction, or just to 
make it be tales doses. More preferably, it is chosen as 50 - 75 mass % extent, and becomes 40 to 90 
mass [ of the whole which generally consists a functional material of a compound containing a 
functional material, a noble-metals element, or a noble-metals element ] %, and the compound with 
which the remainder contains a noble-metals element or a noble-metals element. 
[0030] Moreover, it sets for the oxidation catalyst, the combustion catalyst, methanol reforming 
catalyst, and electrode catalyst of this invention. For components other than the compound 
containing a functional material, a noble-metals element, or a noble-metals element, as a co-catalyst 
Nickel, magnesium, titanium, vanadium, chromium, manganese, the rare earth (a scandium — ) 
containing iron, cobalt, copper, zinc, molybdenum, and a lanthanoids An yttrium, a lanthanum, a 
cerium, PURASEOJTLJMU, neodymium, a promethium, Samarium, europium, GADONIUMU, a 
terbium, a dysprosium, a holmium, an erbium, a thulium, an ytterbium, a ruthenium, or the oxide of 
these metals may be added. When nickel or its oxide is added especially, improvement in catalytic 
activity is large. 

[003 1 ] At this time, the rate with the compound and co-catalyst containing a functional material, a 
noble-metals element, or a noble-metals element Although especially limitation is not carried out 
since it is suitably set up by the catalyst system, generally 40 to 90 mass [ of the whole which 
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consists a functional material of the compound and co-catalyst containing a functional material, a 
noble-metals element, or a noble-metals element ] % — more preferably ten to 60 mass [ of the whole 
which consists of a functional material, a noble-metals element, and a co-catalyst the compound 
which chooses it as 50 - 75 mass % extent, and contains a noble-metals element or a noble-metals 
element ] % — it is more preferably chosen as 15 - 40 mass % extent. And the remainder serves as a 
co-catalyst. Moreover, about 0.01-100 micrometers is desirable still more desirable, and the mean 
particle diameter of a co-catalyst is about 0.1-10 micrometers. 

[0032] Moreover, in the oxidation catalyst, the combustion catalyst, methanol reforming catalyst, 
and electrode catalyst of this invention, although it is also possible to use the compound containing a 
functional material or a functional material, a noble-metals element, or a noble-metals element as a 
catalyst with the gestalt of a particle, it is desirable to make other support support the particle of the - 
compound containing a functional material or a functional material, a noble-metals element, or a 
noble-metals element preferably. Moreover, when a co-catalyst is added to the compound containing 
a functional material or a functional material, a noble-metals element, or a noble-metals element, it is 
desirable to make other support support these particles. When it is contributing to raising catalytic 
activity by the pore formed in the interior of oneself etc. and a catalyst bed is formed, support has the 
effectiveness which forms pore into a catalyst bed, while preventing the phenomenon which the 
compound and co-catalyst containing a functional material, a noble-metals element, or a noble- 
metals element condense on the occasion of the use as a catalyst. 

[0033] As matter which constitutes support, ceramics, such as an oxide, a nitride, or carbide, is 
mentioned. Although it may react with the oxygen contained in an ambient atmosphere, the metal 
support itself may oxidize and it may finally become oxide support if a metal is made into support, 
what does not oxidize is usable as metal support. In these, since a metallic oxide, especially the oxide 
of a transition-metals element can serve as help which exchanges oxygen between a functional 
material or a noble-metals element, and raises catalytic activity, they are desirable. In oxide, a 
zirconia (Zr02) is desirable especially, and the cubic system zirconia which performed stabilization 
by yttria (Y2 03) further is desirable. Moreover, two or more kinds of mixed stock chosen from the 
above-mentioned matter is sufficient as support. Furthermore, a noble-metals element can also be 
supported by making the functional matter concerning this invention itself into support, and it is also 
possible not to use other matter as support. 

[0034] 30 to 70 mass [ of the whole which the rate of a functional material and support generally 
becomes from a functional material and support about a functional material although especially 
limitation is not carried out when supporting a functional material to support ] % — more preferably, 
it is chosen as 40 - 60 mass % extent, and let the remainder be support. When supporting the 
compound containing a functional material, a noble-metals element, or a noble-metals element to 
support, moreover, the rate with the compound and support containing a functional material, a noble- 
metals element, or a noble-metals element Although especially limitation is not carried out since it is 
suitably set up by the catalyst system, generally 30 to 60 mass [ of the whole which consists a 
functional material of the compound and support containing a functional material, a noble-metals 
element, or a noble-metals element ] % — more preferably ten to 30 mass [ of the whole which 
consists of the compound and support containing a functional material, a noble-metals element, or a 
noble-metals element the compound which chooses it as 40 - 60 mass % extent, and contains a 
noble-metals element or a noble-metals element ] % — it is more preferably chosen as 15-30 mass 
% extent. And let the remainder be support. Furthermore, when the compound and co-catalyst 
containing a functional material, a noble-metals element, or a noble-metals element are supported to 
support, The rate of the compound containing a functional material, a noble-metals element, or a 
noble-metals element, a co-catalyst, and support Although especially limitation is not carried out 
since it is suitably set up by the catalyst system, generally 30 to 60 mass [ of the whole which 
consists a functional material of the compound, the co-catalyst, and support containing a functional 
material, a noble-metals element, or a noble-metals element ] % — more preferably ten to 30 mass 
[ of the whole which consists of the compound, the co-catalyst, and support containing a functional 
material, a noble-metals element, or a noble-metals element the compound which chooses it as 40 - 
60 mass % extent, and contains a noble-metals element or a noble-metals element ] % — it is more 
preferably chosen as 10-20 mass % extent, and five to 20 mass [ of the whole which consists a co- 
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catalyst of the compound, the co-catalyst, and support containing a functional material, a noble- 
metals element, or a noble-metals element ] % — more preferably, it is chosen as 5 - 1 0 mass % 
extent, and let the remainder be support. 

[0035] Although the distance with the compound and co-catalyst containing the compound 
containing a functional material, a noble-metals element, or a noble-metals element or a functional 
material, a noble-metals element, or a noble-metals element is so desirable that it is close when the 
compound and co-catalyst containing a functional material, a noble-metals element or a functional 
material, a noble-metals element, or a noble-metals element are supported to support, it does not 
need to be especially in contact. If distance with the compound and co-catalyst containing the 
compound containing a functional material, a noble-metals element, or a noble-metals element or a 
functional material, a noble-metals element, or a noble-metals element is about several nm, the 
property of a functional material will fully be demonstrated to the compound containing a noble- 
metals element or a noble-metals element. 

[0036] As an approach of supporting the compound or co-catalyst containing a functional material, a 
noble-metals element, or a noble-metals element to support, the milling method, the sinking-in 
method, a coprecipitation method, or a spatter is mentioned. In order to make support (ceramics, 
such as an oxide, a nitride, or carbide) support the compound or co-catalyst containing a functional 
material, a noble-metals element, or a noble-metals element, it is also good to mix both powder, but 
since these interactions increase as a result of contact to the compound's, or the co-catalyst f s and the 
heat-resistant matter's containing a functional material's, a noble-metals element's, or a noble-metals 
element becoming dense, and a touch area's also increasing and maintaining good contact, it is 
desirable to carry out milling using a ball mill. Especially ambient atmosphere conditions are not 
usually limited in the case of mixing. Moreover, it can obtain with the sinking-in method, plating, a 
spatter, a coprecipitation method, etc. 

[0037] Moreover, when the compound or co-catalyst containing a functional material, a noble-metals 
element, or a noble-metals element is supported to support and it considers as powder, it is desirable 
to set average grain size of this powder to about 0.01-100 micrometers, but it is more desirable when 
about 0.1-10 micrometers. When the compound or co-catalyst containing a functional material, a 
noble-metals element, or a noble-metals element is supported to support and it considers as powder 
by the milling method, it is desirable to generate the secondary particle which a primary particle with 
a particle size of 0.01-1 micrometer or less condenses, and has the particle size of magnitude of this 
level. 

[0038] In addition, in case a functional material or a functional material, and a noble-metals element 
are supported to support, when also supporting a co-catalyst, a co-catalyst may be added to 
coincidence at the time of mixing with support, and the compound and noble-metals element 
containing a functional material, a functional material, or a noble-metals element, and after mixing, 
you may add anew. 

[0039] As mentioned above, the oxidation catalyst, the combustion catalyst, methanol reforming 
catalyst, and electrode catalyst of this invention tend to be crowded for the functional matter in the 
oxygen which a chemical reaction takes, are emitting oxygen on the aspect of affairs which lacked 
oxygen in the reaction process, tend to cancel lack of the oxygen in a reaction process, and always 
tend to advance a chemical reaction smoothly. 

[0040] Here, the process of catalytic reaction is explained by making the combustion catalyst using 
palladium as a noble-metals element into an example. In addition, by supplying and compensating 
the oxygen equivalent to the amount taken from the oxidization palladium which is the high metallic 
oxide of catalytic activity at the time of combustion of a fuel out of a gaseous phase with the 
functional material with which it is easy to move oxygen ion, this combustion catalyst cancels the 
delay of the reoxidation rate of palladium, and always maintains, the high oxide condition, i.e., the 
oxidization palladium, of catalytic activity. That is, if oxygen is taken from oxidization palladium at 
a redox cycle reaction (combustion) at the time of combustion of a fuel, since oxygen will be 
supplied to the palladium which oxygen dissociated on the front face of the functional material 
which is supporting palladium, and lacked oxygen through the functional material, palladium is 
always maintained at the condition of the high oxidization palladium of catalytic activity, and 
catalytic activity is maintained over a long period of time. 
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[0041] Drawing 2 is what expanded a part of combustion catalyst 1 typically, and showed it, and it is 
the functional material which 2 supports oxidization palladium, and 3 supports oxidization palladium 
2, and is functioning also as support. The interface whose 4 is a surface of action with the gaseous 
phase in which inflammable gas, such as a functional material 3, oxygen, and methane, exists, and 5 
are interfaces which are the surfaces of action of oxidization palladium 2 and a functional material 3. 
And it is thought in four fields of the interior of the interface 4 shown in drawing 2 , and a functional 
material 3, an interface 5, and oxidization palladium 2 that a reaction advances as follows. 
[0042] (Interface 4) By the following reactions, oxygen is incorporated in the hole located in the 
interior of a functional material 3 from the inside of a gaseous phase. 

[0043] l/202+(inside of gaseous phase)2e-->(functional material 3) 02 - (interior of a functional 
material 3) 

(Interior of the oxide support 3) In connection with advance of a combustion reaction at the 
oxidization palladium 2 which touched the interface 5 from the interface 4 to oxygen being 
incorporated, lack of oxygen is remarkable in the interior of a functional material 3. This lack serves 
as motive power and the oxygen incorporated from the interface 4 moves to an interface 5 from an 
interface 4 as oxygen ion. 

[0044] (Interface 5) Lack of oxygen has become remarkable and oxygen ion is supplied by the 
following reactions from the interior of a functional material 3 to the palladium (oxidization) 2 of 
reduced condition. 

[0045] 02-(interior of functional material 3)+Pd(oxidization) (palladium 2) ->PdO(oxidization 

palladium 2)+2e - (functional material 3) 

PdO participates in a combustion reaction with methane again. 

[0046] Through the reaction in the four above-mentioned fields, by performing supply of oxygen one 
by one to the palladium (oxidization) 2 of a gaseous phase a functional material 3 - reduced 
condition, the delay of the reoxidation rate of oxidization palladium 2 is canceled, and durability is 
obtained by the catalytic activity at the time of combustion. 

[0047] In addition, although the reaction mechanism was explained with the functional material by 
making into an example the combustion catalyst which used palladium as a noble-metals element, in 
the oxidation catalyst concerning this invention, a combustion catalyst, a methanol reforming 
catalyst, and an electrode catalyst, the catalyst of the reaction is not carried out according to the same 
device, and it is not limited to this example especially as a gestalt of operation here. 
[0048] As for the matter and co-catalyst which contain a functional material, a noble-metals element, 
or a noble-metals element in the oxidation catalyst concerning this invention, a combustion catalyst, 
a methanol reforming catalyst, and an electrode catalyst, it is desirable to use as powder, or to accept 
the need, although it is possible to use as powder which support was made to support as mentioned 
above, and to make these powder put and support on a base material. As a base material which 
makes these powder put and support, the honeycomb with which the plate, the pipe, the foam, the 
pellet, or opening of the product made from a heat-resistant ceramic or heat-resistant anti-oxidation 
metal was divided into the square, the rectangle, the triangle, or the hexagon is mentioned, for 
example. That is, like the base material 6 shown in drawing 3 with the catalyst for automobile 
exhaust, for example although processed into the configuration which suited the operating 
environment of a catalyst, a base material is about the honeycomb wall 7, in order to decrease a draft 
resistance more. It is constituted by about 0.1-0. 5mm at the honeycomb structure made thin. 
[0049] furthermore, like [ in the case of using for the combustor of a gas turbine ], in using it under a 
severe heat environment The quality of the material which has stability also in a high- temperature- 
oxidation nature ambient atmosphere since thermal resistance is required also of a base material, For 
example, although ceramics, such as an alumina, a silica, a magnesia, a cola gymnite, a mullite, 
alpha-alumina, a zirconia spinel, and a titania, or stainless steel, Hastelloy, Inconel, other heat- 
resistant metals, etc. are mentioned When using it under a severe heat environment especially, it is 
effective to use Co radical heat-resistant alloy of nickel radical heat-resistant alloy of IN738, Mar- 
M247, and IN939 grade, FSX-414, HS-188, and MM509 grade. 

[0050] In order to make the powder containing the matter containing a functional material, a noble- 
metals element, or a noble-metals element, or a co-catalyst, and the powder which made support 
support these powder put and support on a base material, the slurry containing these powder can be 
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created, and it can apply on a base material, and can carry out by [ the ] carrying out an afterbaking 
join. Moreover, when it is made to cover and support by ****(ing) the powder containing the matter 
containing a functional material, a noble-metals element, or a noble-metals element, or a co-catalyst, 
and support which made support support these powder to a base material, in order that base materials 
and these powder may join together firmly, since the catalyst which was excellent in abrasion 
resistance and peeling resistance under a harsh environment to which the gas of an elevated 
temperature and a high speed flows can be acquired, it is more desirable. As thermal spraying for 
forming a catalyst bed on a base material, various kinds of thermal-spraying approaches, such as a 
plasma metal spray method and an oxy- fuel-spraying method, are applicable, moreover, when a 
catalyst bed is formed by **** Since there is an inclination for the surface area of a catalyst bed to 
become small, add carbon material, such as graphite and polyester, to above-mentioned powder, and r. 
it considers as mixture. After carrying out thermal spraying of this mixture and forming a catalyst 
bed on a base material, since heat-treat a catalyst bed in an activated gas ambient atmosphere, many 
paths are formed in a catalyst bed in case carbon material will be removed from a catalyst bed, if 
processing which burns carbon material is performed, the surface area of a catalyst bed increases and 
catalytic activity becomes high, it is desirable. 

[0051] Furthermore, in order to control exfoliation with a catalyst bed and a base material more, it is 
more desirable when the bond layer containing nickel, cobalt, iron, and at least one element of 
chromium is formed between a catalyst bed and a base material. If this bond layer is precise, it is 
good, and although especially a formation method is not limited, it is desirable, when it forms so that 
that consistency may be extent which gas does not penetrate substantially. 
[0052] Moreover, it sets for the oxidation catalyst, the combustion catalyst, methanol reforming 
catalyst, and electrode catalyst of this invention. When the powder containing the matter containing a 
functional material, a noble-metals element, or a noble-metals element or a co-catalyst and the 
powder which made support support these powder are made to put and support on a base material If 
the catalyst bed formed in the base material front face is made into the thickness of about 5-100 
micrometers and the porosity of a catalyst bed is made into 5-50m2 / g grade with BET surface area, 
since catalytic reaction can be kept good, it is desirable. 

[0053] In addition, the functional material of this invention cannot be suitably applied in the various 
field as which oxygen uptake and the emission characteristic are required, and is not limited to 
application for an oxidation catalyst, a combustion catalyst, a methanol reforming catalyst, and an 
electrode catalyst. 
[0054] 

[Embodiment of the Invention] A drawing is used for below and the example of this invention is . 
explained to it at a detail. In addition, this invention is not limited to the following examples. 
[0055] A carbonic acid cerium (Ce 2(C0 3) 3) and carbonic acid neodymium (Nd 2(C0 3) 3) are used 
as a start ingredient. (Example 1) Chemical formula: (Nd xCe 1-x) 02 The functional material with a 
mean particle diameter of 1 micrometer shown was created with the coprecipitation method so that x 
might be set to a predetermined value, 0.01 [ i.e., ], 0.05, 0.1, 0.15, 0.3, 0.4, 0.5, and 0.8 and 0.9. Let 
these functional materials be a functional material alpha, a functional material B, a functional 
material C, a functional material D, a functional material E, a functional material F, a functional 
material G, a functional material eta, and a functional material I, respectively. 
[0056] Next, about the functional material alpha - the functional material I, in order to clarify 
absorption and the emission characteristic of oxygen, temperature-programmed-desorption (TPD) 
measurement was performed using isotope oxygen (180). In addition, in the lock out system which 
equipped with the eel to which the functional material alpha - the functional material I were set 
beforehand, TPD measurement performed processing by 180 by the conditions of 300Torr at 600 
degrees C for 1 hour, and used the functional material alpha which permuted the oxygen (160) 
which exists in the front face and grid of a functional material alpha - a functional material I, and 
isotope oxygen (180) - the functional material I. And TPD measurement is 21% of oxygen (nitrogen 
balance). It carried out circulating Air by the flow rate of lOOml/m. 

[0057] As a result of TPD measurement, the activity of TPD had the most expensive functional 
material F, and, subsequently was expensive. [ of the functional material G and the functional 
material E ] Moreover, in the functional material alpha whose value of x is less than 0.1, the 
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functional material beta, and the functional material C, the activity of TPD was low. The activity of 
TPD of a functional material D, a functional material H, and a functional material I was mostly 
located in the middle as the activity of TPD of a functional material E, a functional material F, and a 
functional material G, and the activity of TPD of a functional material alpha, a functional material 
beta, and a functional material C, and showed the activity of TPD with three [ almost same ]. 
[0058] The oxygen uptake and the emission characteristic of the functional material alpha - 
functional material I in a 300-600-degree C temperature requirement are shown in drawing 1 . 
Oxygen uptake and the emission characteristic had the functional material F as most expensive as 
1260micromol/g, and was as the lowest as 420micromol/g so that clearly from drawing 1 . [ of the 
functional material alpha ] Moreover, the functional material D was 960micromol/g of a functional 
material F and a functional material alpha mostly located in the middle. 

[0059] The functional material concerning this invention became clear [ demonstrating extremely 
excellent oxygen uptake and the emission characteristic as compared with the conventional cerium 
oxide represented by a functional material alpha, a functional material beta, and the functional 
material C ] from the above result. 

[0060] (Example 2) the functional material alpha created in the example 1, a functional material D, 
and a functional material F — respectively — with a mean particle diameter of 1 micrometer rhod — 
electroless deposition — 10wt(s)% — every — it supported and Catalyst A, Catalyst D, and Catalyst F 
were created. 

[0061] Next, about Catalyst A, Catalyst D, and Catalyst F, in order to investigate the engine 
performance as a methano 1 RU reforming catalyst, the methanol of 99% of purity was supplied, 
having set Catalyst A, Catalyst D, and Catalyst F to the reactor eel, respectively, and having used 
reaction temperature as 400 degrees C among atmospheric pressure. Consequently, the invert ratio of 
methano 1 RU brought a result to which Catalyst alpha followed the oxygen uptake and the emission 
characteristic with which Catalyst D is 95% and Catalyst F was indicated to be for it in the example 
181% 69%. The catalyst using the functional material of this invention became clear 
[ demonstrating the function which was excellent as a methano 1 RU reforming catalyst as compared 
with the catalyst using the conventional cerium oxide represented by Catalyst alpha ] from the above 
result. 

[0062] (Example 3) the functional material F and the platinum with a mean particle diameter of 1 
micrometer which were produced in the example 1 — lwt% — after blending the supported graphite 
dryly by the weight ratio of 1 :4 with a mortar, with copper wire, pressurization molding was carried 
out and the electrode plate of a lOmmxlSmm angle was produced. 

[0063] Subsequently, an electrode plate is immersed into lmu sodium-hydroxide water solution in an 
electrolysis cell, a platinum plate is used for a counter electrode, and bubbling of the carbon 
monoxide (CO) was carried out to the electrode plate, impressing an electrical potential difference. 
Then, the current value was 0.15malpha, when the current by oxidation of CO flowed and the 
overvoltage of lOOmV was impressed on normal-hydrogen-electrode criteria. 

[0064] on the other hand — platinum — 1 wt% — except having produced the electrode plate using the 
supported graphite, it is the same conditions, and bubbling of the carbon monoxide (CO) was 
completely carried out to the electrode plate, impressing an electrical potential difference. However, 
in this case, if the overvoltage of 350mV was not impressed on normal-hydrogen-electrode criteria, 
the current value of 0. 1 Smalpha was not able to be acquired. 

[0065] The catalyst using the functional material of this invention made it possible to reduce applied 
voltage, and became clear [ demonstrating the function which was excellent as an electrode catalyst ] 
from the above result. 

[0066] (Example 4) It is Pd, using alpha-alpha 1 203 [ with a mean particle diameter of 1 
micrometer ] (only hereafter referred to as alphal203) as support alphal203 It was made to support 
by electroless deposition upwards, and support with a mean particle diameter of 1.5 micrometers was 
obtained. In addition, Pd and alphal203 A weight ratio is 1:1. Next, the support 50 weight section 
and the functional material F50 weight section created in the example 1 were often mixed, and the 
catalyst raw material powder J was obtained. Subsequently, water was added to the catalyst raw 
material powder J, and the slurry was created. And the dimension applied the slurry to the heat- 
resistant metal structure base material of the honeycomb configuration which has the gas 
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passageway of a large number with a diameter [ of 30mm ], and a flow lay length of 170mm, after 
desiccation, it calcinated in atmospheric air and the combustion catalyst K was acquired for 900 
degrees C and 24 hours. 

[0067] On the other hand, as contrast, a functional material F was not added but the combustion 
catalyst L set up so that the amount of Pd supported on a thermal-protection- system base material 
might become the same as the combustion catalyst K was produced according to the combustion 
catalyst K. 

[0068] And the coil was filled up with the combustion catalyst K and the combustion catalyst L, 
respectively, and the trial examination (combustion test) of a gas turbine combustor was performed. 
In addition, air was supplied by 2 N-m3 / min, and methane was supplied to the coil by the flow rate 
of 60 N-L/min, respectively. Moreover, the pressure within a reaction was set to 0.7muPa, the 
temperature of the air supplied to a coil was changed, and the combustion efficiency in a coil outlet 
was measured. 

[0069] Consequently, although temperature required to attain 90% of combustion efficiency was 
about 400 degrees C when the combustion catalyst K was used, when the combustion catalyst L was 
used, combustion did not start until it became about 500 degrees C. 

[0070] The catalyst using the functional material of this invention made it possible to bum a fuel 
from a low-temperature region, and became clear [ demonstrating the function which was excellent 
as a combustion catalyst ] from the above result. 
[0071] 

[Effect of the Invention] In the cerium oxide which is expressed with chemical formula:(A xCe 1-x) 
02 (at least one sort of elements chosen from the group which A becomes from Y, Sc, and a 
lanthanoids among a formula) according to this invention as explained above Since the value of x in 
the rate, i.e., above-mentioned chemical formula, of Element alpha was specified in the range of 0.1 
< x<l, the functional material which is excellent in the capacity which absorbs oxygen under an 
oxidizing atmosphere and emits oxygen under reducing atmosphere can be offered. 
[0072] Moreover, since the functional material which is excellent in the capacity which absorbs 
oxygen under an oxidizing atmosphere and emits oxygen under reducing atmosphere is applied 
according to this invention, catalytic activity is high, it excels also in the durability of catalytic 
activity, and the oxidation catalyst which attained efficient use of an energy resource and reduction 
of an environmental pollutant, a combustion catalyst, a methanol reforming catalyst, and an electrode 
catalyst can be offered. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing having shown the oxygen uptake and the emission characteristic of the 
functional material alpha - functional material I in a 300-600-degree C temperature requirement. 
[Drawing 2] Drawing in which having expanded a part of combustion catalyst 1 typically, and 
having shown it. 

[Drawing 3] Drawing having shown the base material constituted by honeycomb structure. 
[Drawing 4] Drawing having shown the calculation approach of the particle size of a particle. 
[Description of Notations] 

1 .... Combustion catalyst 2 Oxidization palladium 3 .. Functional material 
4 .... Interface 5 .. Interface 6 .. Base material 7 .. Honeycomb wall 
8 .... Particle of the configuration of arbitration 9 .. Virtual particle 

1 1 1 «'i'fc nM i » » w «i» i ii i i-F < ■ i i i iii ■ n ■ n i. i ii L ii . i i m mmtm mmmm mr ~, f * n >t . \ n> *<< mm uw -, „ m*m 

[Translation done.] 
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©gfsitf * ^m^b^- m mm. m^mtm-c 
t-fey^A^b^ws. fiEfflaw^roSB^teJW* < . at 

T£iU5!f$tt5:W-r£C i*><E> > *aStt*mi LTJE 

[0004] ^$-b'>tt, ^*>l¥?r^fiE^i^-S 
«R*BMtSlCK J: DK^tiSci jJJiSt i^Ooo 
-e<D3^c^s^>^c. ffija^e^bSlE^^-T-S^- 
7^ , i'A?rM^^iL--Cffll^CiAs^u <> ic5 

t\ ^y^AWMfbtfti (PdO) ©i#»gi«ir£fi 
tt*WL-r«r>4. Mft^^yjAtt. ^JS^Jii^HM 

BBR%StW(yt:^)lR (Pd) i%^„ 
[0 00 5] -flgic, Mfb^9J^'?A*J|ftaUiJE»i-J - * 

p d -o©BKfc«rKttr«ft**a*»fti/. Kfb^'^ 

tf?Ae#ijjgjc3n-c^ja (p«d tfto. #m (p 

d) ttSCK»fb3tirPd-0©ttffc«»KJ»**J«L/. 

■c* So aw©^t*3iwo»< tsic-cttsiw*^ < 

b^b, ^*-e>©«t^«:*8j»ftWf (Hits 

gBJC?B»^nSiit(C. *^M.«©F«3{BJtC??ab-C 
CiS^'^^W^b^^^^A (PdO) ©K^#ft!^^ 

5. r Kfbsj^©w»3^r-«. mmmp<D 

gtft^-^y^A (PdO) Oif*iMS?ti4fc«). M 

mmmtc&m (p<d ow^widl. s4*irstt*seT 



C3) 

3 

mmcom.mm&>k m&? s c £ #1*;* 6 n -c i > * . 

[0006] &tc. x > J?>ttt6£«**fl|& 5 C £ fc 

<gf#*<*>©e5Hb*3t -^b^&^ttgsR&fb^ 

©2te*fi»-r5fc«)ic, pt, Pd*$«fc^Rh*>e>^ 
Tt>*. -r&*>^. K{b-fe';^ACD«j|j^^*^»5 

[0 0 0 7] s etc, y^^-^o^KJSiEK^br 

«> (Nd.ce.-j.o, (o ^ xso.i ) mt. m 

[0008] ifc, iftifttssm^ferti, 
iEffiftBSibr. i o o o "co^s^r^-e^ 

©^?Wfc#fit,>e>ftTt>£„ 

[000 9] 

■by ^AM^t^J^P^*^ hM^>^>mS^#H 
ttftW8FT?tt. Kfb#ffi!RTt?&3R£BftJRU 

mT-c@»<srStm-r S tBMH&t,* £ ^5 tc. 
[ooio] ifc, S£3fc©-fe y ■i'AKfb^^a-T'x^ 
A hM5->*>S2^^®{bfe^'C«. ®tfb#H*T 

teMffl £ . 8t«^5fe1$JK©ffi?« £ i^f&t Z> c £ #E tt 
[001 1 ] ±%iO>mm*M®:T2>tcisblcrj: 

c£^gs«j£-rs 0 

[ooi2i«fc, *#witt. temmmm<. mmm 40 

[0 0 13] 

[SfB^M^-r^fc*©^] ##SHJ3^6«, {b^SC : 
(A ,Ce ,. x ) O, m*P. AttY. ScteJ:W> 
* J J K 2p 6 tt £8f<fc 0 $ tx tc'Pte < £ i a©7c 

-ca^^s-fey^Ait'fb^tcfctir. s*a©su 

-r^*3^±ieib^(-C*iW-5x©(ii?rO. lcfcOif 50 
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[0014] -r&fc*3. ##s9itttfc*&tfctmw:> <t¥ 

5£: (A.Ce ,.,) O, (sStf 3 . AKY, Sc 

Kd>6&£t¥<£9iS*R3ftfc:^ft< £ & 1« 
©7Efg. Sfc, 0.1 < x< 1 ) TijnSC ££!|tg!t£ 

[0015] *^©«*g^mcc*j^rti. m^-^Stt 

*iiSl»C£*^, ^{b#B**©i$*«J£rF©J5J£tCcfc 

[0 0 18] 1/20, (M*B#)+2e- 
*4> -O 1 - (£?L) 

(>f+>) «, «T©JaSfcj:^-r. £?^K:mt&ttf4© 
?f-g|HC]SfeHj $ ft* £ 64i£. 
[0 0 17]O ! -(M)-l/2O, (mtBf)+2 

e- («tetm) 

©-c\ Mib^HMTr-m^^eRilxu. S7c^ffl»T-CM 

»*)5stb-re#6*tcffi i h^£^6ns„ *^©m«i 

mm*. 4 0 0 'Crtbgtfi 1 0 0 Q - c m?IK©!Hm£ 
[0018] *«M©«ttBtm«:*it> : C. ^b#H^T 

±ia{b^5$iC:tett&X©fit£0. 1~1©^H (fc^C 

±ie^b^«:*jw^x©ffl*o. 2-0. 7. <fcD*?£ 

U<«0. 3-0. 7©^H CaS^?r$tf) K.WCj£?Z> 
C£"C. KfbSffl»T-CM^*©JRL. ilTn^HMT-C 
^« *ft a -T tttl^ <£ D ^ff K 3 M & c £ IfiX- * 

[0019] S/c. *¥£W<£&Zffi&1?m$:M&-?Zlc 

*fe'-9t», fttfca*ffli>r, 7c*A%-feyr (Ceo 
, ) ^Y-^ir^cttmt. b^. tSffi*t*4©&^-©& 

S£L"C«, SfSO<ti0. 0 1-100/Jmlg-C£ 
■5*5. 0. I~10(imggtct5ij;0»$l^. S 
^b#HmT-C^5g=&5Ri(XO. ^7C#HmTf^ 

*4©*®«*4'S-<<^#< J5lD©«*«i]D5lf5 

ET*Ii?l~100 [m* /g]Sgr*Wf, 

[0 02 0 ] /ktj. ^©^S£«. m4l<Cfji-?£'j 



C4) 

5 

tcwm t m l, \,>mm z w-r ■*> pv&omm&T 9 * is&> . 
#*&*>©<!; fa. 

[0 02 1 ] ^^jc^s^tS^ltt. it*m, : 10 

(A ,Ce ,.,) O, (5£*. A{£Y, Sc*Jj:0'5> 
K*>6ft$g¥£9iIJR$ftfc^ft< £4> 1 JI©7C 

spt. 0.1 < x< 1 > ■cgkznzmf&ttM*m : ffiL> 
tcctzftmtcx^z. 

[0022] sfc, *mac%z>miimM. it^a, ■. 

(A ,Ce ,.,) (sS^ A«Y. Scfci^V 
* ^ --f K* 6 ft.SSf «fc 0 ft fc4>ft < i 1 8©tu 
§Pt Sfc. 0.1 < x< 1 ) -Ca3*l&t£ffcl5t*4<i:. Jt& 
RASis «fc »£R5c3?l£$ir it&Vtfr h ft <fc K> m 
!R3ft;fc4>ft< £fc 1 mcDmWt&MffiLtcCt&lftWi 20 

[0023] se^c. *ftw<cmzmmm&> iv? 

5$: (A ,Ce ,.,) O, (5£#, AfctY. ScWtf 

^ > * y 4 k*> 6 ft * j; 9 mm £ ft/c^ft < <b 1 1 a 
©?&*, o.i < x< i ) x-mztizmamftt. 

ftmtbx^z. 

[0024] ±tc. mmm%z> * $ j *ttHM8K 

«. {fc¥=5£: (A ,Ce ,_„) O, (5**. ASSY. S 30 
c*sj:tf7>£y-r F*>6ft&#£9jMtt3ftfc4>ft< 
£& 1«©tc^ gfc, o.i < x< 1 ) snsw 
«£R^fc<fcD>'j*£R^£^iMb^!ta#>P> 
ft£f¥<fc 0 jit*;* ft/cd>ft < t h 1 «©435M <!: ZM:ffi L 
tcC bTl> 6 . 

[0 025] 3 6tC *f£HJltc<&S1I@M$&«:; <b^ 
5£: (A ,Ce ,.,) O, (5£*, A BY, Sc4tf«fcO' 
?>Zs-t K^6ft£#J:9jMtR3ft/c^ft< <fc4> IS 
©7n^t. 0.1 < x< 1 ) xm$iT.Z>ffli8ttft±. 

[0026] *&wic%zmtteM. amnm. jzs 
«. ±«i/fc»»)-c*s. sic mtmm, immm. 

ffi©^TO£<o^«!. mum ft. nsmTcmstcizm. 
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[0027] xmiomtim. amnm. * z 
ffi^wicioc*. ixfo&mx-mm&x.2.i,t<immxm 

[0 028] *^cD^bS4i«tc43l>r«. ti#IMI4* 

*ttt?fflt»-r«>j:t>di. ^bSj£.fc«fcorat.{C3iiT3-a- 

itmm. mmm. J2s-n,&&fmisxvm®m 

(Ru. Rh. Pd. Os. I r isjrC/P t ) teWb'Ft' 
itO. 0 1 - 1 0 0 /imliS. <fc9£?SL< «0. 1 

l0MmgS«:-r^ o 

[0029] imMfttn^7tm&tc\zm.$m7m* 
xms&?z&. fete^-efciT^jr^tcasstxs. -rft 
*&$n-5K«^©^itB*5. -(b^Jstc.«D3ig-c?«e$ 

04 0-9 011%, «fc0»*O<W> 5 0-7 511 
«r^t?<b^B»iftS. 

[0030] $fc. *i£^©^fb^«. mmtm. s z 
;-)\,&&fm*&v*msmic*s^x\,*. mmuft^ 

^^h'j"i;A, ^>^>. -fey^A, T'^iz*^ 
r>A. UY — OJ*. f-Jl'f'?A. y^7'a>")A, 

5 "5 A, iJUfcT^A, ^U^A, ^^^l/fcT^A. Jl-f- 

-■i7A) . sfcB. c*i6©#)i©mfb^ ; lrJn^.r4> 

[003 1 ] C©i *^Htc^S/c»* 
K<fc-oTai:S:S$tl'5©"C-^K:|JSS«^*lftLi*s. — 

Sl7t:^^tHb^j*>«fcU : a&M^^6ftS^©4 0 - 



(5) 

7 

9ows%. jcwskb. 5 o - 7 5 m&%m&ic 

60@fi%« £*)*?£l/< tt. 1 5 - 4 0 

©¥±$>&&«. 0 . 0 1 - 1 0 0 mggjW* L < . 
SfcKSfgKteO. l-10tfmlSt*5. 
[0 032] Sfc, #&S8©&<b&BI£. * Z 

[oo33] m#*mm-rzmmt lt«. watmtit 

Bjtg-r*So cft6©4i-c\ SJHttftfe. ^tcjg^ii 

©-C*f$Lt>. «f{C> m\MG>^-Q\i.V'^ziz-T (Zr 
O, )#M$L<, •> h 'JT (Y, O, ) fC«fc 

[0 034] &ffett*4£fflmcfflf$-r*iS£. *M&m 
tffl&<t©«£fcm{ci®S«;**a&<,^ — USttfUi. 40 
&t6M*4£f£f£tm <t ft £:£**:© 30-701 

a%, «fc9fcF*L<tt. 4 o - 6 o mm%m&ic mfc 

m&frii>t£i>±#(D3 0~6 0It%. <fc»)»£U< 

«. 4 0-6 0ftfi%HgK:ji!RU &&m7CmgMZ 50 



10-85586 

8 

a^JS7c^^tr^b^te<fco*ffl(*^?>*€>^©i o 

~3 0S1%, J:9tiF±L><M:. 15-3 011%1S 

ft#JI:rcSI$fc««^:rc*£^tMbt^fcJ:tf 
^S^KJ;t>-ciagi9:SSn-5©-c^«:RgS»$n 

&S:£ft©30-6 0fl%, J:0S?SL<«. 40- 

6 o ®s%ss(cstR o . n^mytm t tc itn^ytm 

4StHfc^ B&M$fc<kD^f*:fr£ft£:£f£© 1 0- 
3 011%, «tO«FSL<«. 1 0 - 2 0 ffS%HgfC 

^f*©5-20^S%. «fc»3Sf*L< «. 5-1011 

. [0 03 5] «^*4iS#S7C^. toZMtmrnt 

^dTcS^^tf fb^*$ <fc C^JbAHKd: ©^K* 5 ^ n mil 
[0 03 6] H#«7C^Sfc«ll^ja7CsK% 

*€)t,H*^b^?^©-fe7 s icm&zazicit. 

[0 03 7 ] Sfc. Mffitm. S^JStc^S/c«SI#S 

LtcmS. C ©f&5R©¥«3eS4 . 0. 0 1-1 00 w 
mgai-r^Ct^SOt^. 0. 1 — lOfzmfig 
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9 

fm^mmctmLx^tutcm^icit. o. oi~ 

1 u mfelT©&a© 1 %&*&Wm L . C ©gg©;*:# 

tkii. io 

[0 0 3 9 ] ±jaSLfc J: 5 CC; *^cDKfb^«. jKMt 

tcs-r & m$k*mmwi£it t k> c KiEafle-c&ssa* 

[0 040] CC-C. S£Jl7cSR<!:L,T.''C-5P 1 >A4fli 

fc J: o TtttB* 36>"&«*SLrli 5 C <h K <fc 0 . '*95? ■? 

y^A4fi»t-ct»S«fill!t*4©^ffi-c^*^Stl/, 
teSft*©?. ^<5^^Att^(c^g^14©Sft»B?fbA 

9y>A<Dt«BWC«fctl. «BfCt>fcr>t:tt«iSlb*»lt 30 

}#3ft£>©-c&£. 

[004 11 H2B. IftttMftl 1 ©-SB^BisSlflfcffi:*: 
L-C7j*l//c4>©-C\ 2 KSMb^i^ A, ati&fb'^ 

5. -eb-c, 02«:^-ri?M4. «fi6tm3©rtgp. 

ffi5. iS^b^"7^^A2©4-5©«RJa^C*5(,i-C«. 

©i^tcMi&^jitf-rsi^iteni. 40 
[0042] (in4) WFoym&tcjzK). ia&fi$m 

[0043] 1/20, <SWB*)+2e- (at&tttt 
3) -O" («#6Wsf43©rtgi5) 

<»fbafif*3©rtS») «IBttft3«>i*HB(<:ff9i4ft>6 

K$#&9ii$ft4©K:*fU WM5{C^L?c^b>"!7 
y?A2 VtMBIISltmStf «cm>»gi©^#»££ 
^•o-CC>-2). C <DX2.&l&3bt) t ft *) . WSB4#>6BX<3 

50 
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[0 0 44] (I?® 5) K*0££WHgH&&o-r:b 
0, SjctBS© (ttfb) /<95>9A2«C»U «T©& 

[0 04 5] O'- (tSffiWf43©rtSP) +Pd ( (K 
-fb) A7i/^A2) ->PdO (WHt'^W^) +2 
e " (WW 3 ) 

PdOAS, >jr>i©«jftSlt:«:WOtH^r*. 

[0046] ±E4oo««r©stE;*^-L-. StB-tS 
tefcM4 3 -HStc#3&© (1Mb) A7j;^A2^ti$© 
^jWKXfrbftS C itcj: 0 . Kfb^s^ A 2©B 

[0 04 7] £4*. C etN*. SSmWi £ 4>&C«£Si 

j * y-^mnmis ^mmbmiaa^x fcism ©«g 

[0 04 8] 49HI|<CffiSK{bttJg. $JSgiaS. ^ * s 

■C. Cii6©^*?:SW±K:M«.4aNF5-B--5C<!:*s» 
£K5J©«, h*St<»«gaPSP 

«f^'Xfflfij^-C{*> S3(C^L.fcS«6©ck^K:. a 
®aCt*J:0«il>3-ti-'5fc»CC. ^-*Afi7* 0.l~ 
o.5mm*iSk:£-efg< L//c^^-*A1t^«:^S;$*^ 

[0 04 9 ] J8tC. #***-£>©j&8EglCffl<,>*iS 

Cc4>W»14*sS*$h4©t?. »SKfb14#H»*-C<» 

2>m&<rCl,t> IN738. Mar-M247. IN939^©NiSSJIgi 
FSX-414. HS-188. KWSO^OCoSSfl*^^^ 

[0 050 ] m&m. ft#^7c»S fc«3S^SjBR% 



C7) 

xmstmm* &m(o®%i?}&%mm?z>z±&x-&z> 0 

©«S«#'h3<ftS*g(6ja s *S©-C. _ha$©*&3fcK: ^ 

? 7 r -f h y x * 7-^m<omsm^mia lx 

zm<cfmi8ic0>m.<Dmffit>wj8L$ nxmrnmcommm 
[0051] ztnc, fmmtmtt±<Dmm*£*)mm 

h . P A©d>ft < £ & 1 -oCDTCsgSr^tf **> 

&n{*j: < . ^mmys^mM-r & ^©-cttftt,^ 
*<Dmmmmmic #x #231 l ft t, >mBLx $> * «t ^ k. 

[0052] *'fc» *^©^tflte«. * 

mmmi 5 ~ i o o u msg©f§ t u M.mm<o^n 
m*BETimmx'5~~5 om 1 /g^ai-rs^. m 

[ 0 0 5 3 ] ftfc. *8«ottttttttt;£. BSfgl&iK • Sfc 

mtttt**** $ n $ 0. fiftoyftm (c *$ i > x sa® rat- s 

-Jl-KHM«i*J«fcO'^@&fc}«-©JSffl«CRgS$n?> i><D 
X-lZt£<,\ 
[0054] 

m^xpmicf&w-rz. ftfc. *^«wt©^issw«: 

PK^3*l&&©-Cttft<,>,, 

[0055] (XSBffl 1 ) KM-fe y A (C e , (CO 
.) , ) fe^Cflgft**^ (Nd , (CO ,) , ) £ 
Bi&tmtUX. ffc3*5$: (Nd ,Ce ,_„) O, Tv^ 
3ttS¥*38igl am©{ifigtt*4^ x*5ff^©ffl. -r 
ftfr^. 0. 01, 0. 05, 0. 1. 0. 15. 0. 
3. 0. 4. 0. 5, 0. 8&£U0. 9i&5J:^K 

ti. ^fiftA. Sffctt&B, «lfigtmc, *g«6ttf4 
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d. tatg^E. fgfutmF. *sttt*&G. mmtt®H 

[0056] #(c. A ~t£igtt*4 I tco(,>r. 

^©©nxfeicKSJcm^tt^e^cc-ri/c*. mat* 
gts Co) ^ffl^-r. (tpd) aroe*ff-» 

I ©-b s> F Ztitc-tefrZgiWl'tcfflmZktCto^X, 6 0 
0'C-ClB#Pi. 3 0 OTo r t OS&X 1 ' OiCkZ&M 

10 fcfaKIS 0*O) ±\3\<iLimm CO) <b£g&Lifc 
«S#EtmA~$tgtm I *ffll»fc. ^ LT. T P DzSiJS 
«. 1@R2 1% (S3R'^>^> © A-ir£«£-l 0 0m 

i ©aa-cdai 3 it ft # 6 ft r> tc. 

[0 057 ] T P DSlJJeOJS*. T P D©r§14«. ««B 

HS^->fc„ Sfc. x©<B*i0. l*^-C$>eMI6W^ 
A. «MBtmB*5"J:C«WiWmc-CB:. TPD©rS14^ 

ig* -5 <mm d . amtm h *s j: c^ttt&tm i © 

20 i^G©TPD©rStt<i:. «tltt»A. B fe<fc «>* 

tS#6W*4C©TPD©titt<!:©«li*P5«C{4gL,. 3 0 

aHPFDTPDWtStt^^L/c. 
[0058] 01 CC. 300 — 600 ^©SSSBHtCte 
StgW^A-tStfe«^ I ©K«(RHX • »Ui#tt£ 

ttv ftttttttFtfl 2 6 0 */moVg<bfi4>lS< . ti^W 
WAA54 2 0MmoVK<tS4>ffi^ofc 0 */c. Afltttf4 
D«, «tttmFi«IH!mAi©t3IJa!*IBKffljrr* 
9 6 0 /imo1/g-C*o/c„ 
30 [0059] £LhOlSJ|W»6. 5 «IBtm 

». Mt^ft*4A, AtttmB«iJ:UlftffiM«4Ctcf^ft3 

nsfi£*©-fe y -f A»<b»tJt«i/r. @fe-c@n/c^ 

[0 060] (9Etfe0V 2 ) HJte^ 1 -c'ffiAS tl^WMst 
a 1 /jmCPd %$&fgjt v^rlCjz-yX 1 0 w t %-fr> 

[0 06 1 ] ^(c t M5IA, jl&&Dfc<i:t>*8&8F«:-3i,» 
40 ^-fe;utc^ft-eftli!l!$A. IBIDWtWWIF**? 

hL-r. ^114'. Sl&?aS ; Sr4 0 0-CiOT. *«6g9 

<jymm\t. fttiA*6 9%, gt^D^s 1%. is^f 
&9 5%x$>v. mmrni xniztxtcmmviw- i&mft 

^tSo/c^mift-^/c. jy±©*S^6. *^© 

i LTsnfc^^^a-r 6 c t im *> ^ t ft o 

50 [0 062] (*Se0I3 ) 1 X-itmS tr/ctS^W 



13 

f4F£> ¥&)&&1 ura<D&&* 1 w t %SJ$UfcJtia 
5li*K:r 1 : 4(DSSJ:b-C|£^:il^Lfc«. flit 
b t kUtWEEJSMisX 1 Omm x i 5mmlt©mgS£ 

[00633 jkh-c. mm&%nM*)\''p<D 1 M^mit 

«E£EPJjDLft#6— ®{bs£3R (CO) 

#ii7K*m®s?s-c i o o m v<Dmms.^wuaLfiM, 

^EffltiO. 1 5mAr»ofc. 

[0 064] — i w t %mmvtcm&*mi.> 

ElWJ0t,ft#£— WHtBtm (CO) 41i«(c;^U^y 
2i*tc. b#>Lft#6. content. ^i|l7j<S®eBS 
JS6-C3 5 0mV©aME£Ei7ftil.&Wtt« > 0. 15m 
A <D%ffiM*'& 5Ci ii-C Ztefr^tc. 
[0065] «±©fem^6. *ftH0fltttra«J3l> 
fcM&tt. EPto*K£{£T;*i*-5>C<i£oJltE£l,. MS 
mm t l,X®.intd$m*&Mt S C £ j^J 6 fr> <h ft o 
fc. 

[0066] (SQ6^94) um<Da- A 1 a 

O, (WT, #<CA 1 l O, i-TS) £*g&<fcl,-C, P 
d£Al ,0 3 ±K.M'm8j< y*K.<i:i-cmftZi£. ¥■ 
mmi. 5(im©ISf|*^fc, PdiAl , 

0 3 £©Satt«l : fflft(*5 0ii 

sp<t . %mm i rftj«3nfc««tmF 5 0 maspi * 
<fc<?g£u M^fsHa* j ^#fc„ ;xc>-e, awsjif} 

tffi*IS3 0mm, 1 7 OrnmCD, ^ 

tt^^7 U -fc&fii U . 9 0 0 "C^ 2 4 B^fel. 

[0067] »B8i l-t. «e^f4F £Jjd*.-?\ 
wmmm%tt-k^m& <* n *> p d jreft&ftiHft k^c 
<t ft si 5 towes txicmmm l * , jKKJHttKtcw 

[0 0 68] ZLX. imW&KtoJ:VmMMmL*)x 

(ft&flttlt) Zft-ytc. ftfc. ©SW^te. ^2N 
-m J /min. ^ 6 0 N - L /min<Difa&X-*:tl^tl 
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t&l&Lfc. £/c, St&^rtOEftfcO. 7MPail. 
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